AUTHOR'S VIEW 



Oncolmmunology 1:5, 741-743; August 2012; © 2012 Landes Bioscience 

Combining forces to hit cancer stem cells 

TRAIL-lymphocytes and EpCAMxCD3 bispecific antibody 
show efficacy against pancreatic cancer 
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TRAIL selectively kills cancer cells while bispecific antibody EpCAMxCD3 guides effector lymphocytes to cancer cells. 
Arming of ex vivo constructed TRAIL-lymphocytes with EpCAMxCD3 enhances contact time and affinity between 
lymphocytes and tumor cells and enforces tumor elimination. This boosts endogenous immune responses and augments 
the effect of cytotoxic tumor therapy. 



Epithelial cell adhesion molecule (EpCAM; 
ESA; CD326) was defined as a cancer 
stem cell marker (CSC) and is frequently 
overexpressed and functionally altered by 
the majority of epithelial tumors and 
derived metastases. Although several 
normal tissues bear considerable levels 
ofl EpCAM the binding epitopes are 
suggested to be largely covered in normal 
but available in malignant tissue. 1 
Therefore, EpCAM is suggested as an 
attractive target for cancer immunother- 
apy e.g., by bispecific antibodies (bsAb). 
A prominent example for an EpCAM- 
directed bsAb represents the trifunctional 
antibody catumaxomab (Removab*, 
Fresenius Biotech), which binds T cells 
via CD3 and Fey receptor I/III-positive 
accessory immune cells to EpCAM-pos- 
itive tumor cells. Catumaxomab is 
approved in Europe for reduction of 
malignant ascites in palliative settings. 2 

We constructed the bsAb EpCAMxCD3, 
which is directed against the T-cell 
receptor-CD3 complex on lymphocytes 
and EpCAM accessible on tumor cells 
(Fig. 1). We demonstrated the effective- 
ness of EpCAMxCD3 in an experimental 
system and found redirection of T cells to 
EpCAM-positive tumor cells of pancreas 



and prostate. This was associated with 
increased duration of contacts between 
T cells and tumor cells and followed by 
the release of Granzyme B, Perforin, 
IFNy, TNFoc, IL-10 and TGF0 in 
xenograft tumors. 3 Importantly, intra- 
peritoneal application of our bsAb 
reduced malignant ascites in patients with 
advanced ovarian cancer, suggesting that 
even late stages of cancer are susceptible. 
This finding is further supported by 
EpCAMxCD3-mediated elimination of 
drug-resistant established pancreatic cancer 
cells with CSC characteristics. 5 Just now, 
these data were confirmed by Cioffi and 
colleagues who demonstrated elimination 
of primary pancreatic CSC using a 
recombinant EpCAMxCD3 antibody. 6 

In order to further increase the anti- 
tumor-activity of EpCAMxCD3-guided 
T cells we combined it with tumor 
necrosis factor (TNF)-related apoptosis- 
inducing ligand (TRAIL) transduction. 
While resting lymphocytes carry only 
minimal amounts of TRAIL, expression 
is enhanced to an intermediate level upon 
lymphocyte activation. By lentiviral trans- 
duction we were able to superinduce 
expression of membrane (m)TRAIL on 
the surface of freshly isolated peripheral 



blood lymphocytes. The main advantage 
of TRAIL for tumor therapy is its specific 
toxicity toward malignant cells together 
with proven low side effects found in 
Phase I/II clinical studies, in which 
recombinant soluble (s)TRAIL protein 
or agonistic antibodies against TRAJL- 
receptor 1 (mapatumumab) have been 
evaluated. 7 However, only limited TRAJL- 
induced antitumor activity in patients 
could be demonstrated, most probably 
due to short exposure of tumor cells to low 
TRAIL concentrations and to sTRAIL's 
short in vivo half-life. To overcome these 
limitations we used for the first time 
lymphocytes as vehicles for membrane 
TRAIL and combined this approach with 
EpCAMxCD3-mediated targeted transport 
of TRAIL-lymphocytes to tumor cells. 

Our study revealed that overexpression 
of mTRAIL in primary human lymphocytes 
increased T cell cytotoxicity toward cancer 
cells of pancreas and prostate. Importantly, 
combination with EpCAMxCD3 poten- 
tiated this effect as analyzed in vitro and in 
vivo. Toxic side effects, such as a decrease of 
body weight, liver toxicity or metastasis in 
mice were never observed. Amplification 
of therapeutic effects may be due to the 
combination of TRAJL-induced apoptosis, 
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Figure 1. Cartoon of gene-immunotherapy with bispecific antibody EpCAMxCD3 and TRAIL-overexpressing lymphocytes. (A) BsAb EpCAMxCD3 binds 
cytotoxic T cells via CD3 and cancer cells via EpCAM. This leads to activation of cytotoxic T cells, targeting to EpCAM-overexpressing cancer cells and 
to an increase of contact time and binding affinity between T cells and cancer cells resulting in tumor cell lysis. This anti-tumor effect was further 
enhanced by lentivirus-mediated overexpression of membrane TRAIL in T-lymphocytes. TRAIL interacts with TRAIL receptors expressed on cancer cells 
and induces selective apoptosis in malignant, but not in normal cells. Thus, cancer cells are eliminated by a combination of T cell-specific killing 
via the perforin granzyme system and TRAIL-induced apoptosis, which is further enhanced by EpCAMxCD3-mediated prolonged contact time and 
synapse formation between TRAIL-lymphocytes and tumor cells. (B) The scenario for future therapeutic application in patients may look like follows: 
(1) T-lymphocytes are isolated from an individual patient followed by (2) ex vivo transduction with TRAIL lentiviral vector for overexpression 
of membrane-bound TRAIL (3) systemic re-injection of manipulated T cells together with bsAb EpCAMxCD3 for tumor-specific targeting. 



lymphocyte-mediated cell lysis by the 
granzyme/perforin system along with 
EpCAMxCD3-mediated extended contact 
time and increased binding strength 8 
between tumor cells and lymphocytes. 
Importantly, the combined cytotoxicity of 
TRAIL-lymphocytes and EpCAMxCD3 
even reduced the tumor-initiating potential 
of drug-resistant pancreatic cancer cells with 
CSC features. Besides direct induction of 
cell death, anti-angiogenic effects may have 
contributed to tumor eradication in our 
system. We observed inhibition of CD3L 
tumor vessels in xenograft tumors upon 
treatment with EpCAMxCD3 or TRAIL- 
lymphocytes with a most significant effect 
for combination treatment. Of special 
interest is the observed formation of large 
intratumoral liqid-filled cysts in xenografts 
of mice, which may be mainly due to 
TRAIL-lymphocytes but which were even 
more pronounced upon combination with 
EpCAMxCD3. Since we did not observe 
cyst formation in xenografts of mice injected 
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